We update the theory predictions for the mass difference ∆M s , the width difference ∆Γ s and the CP asymmetry in flavour-specific decays, a s fs , for the B s −B s system. In particular we present a new expression for the element Γ 
Introduction
Flavour-changing neutral current (FCNC) processes are highly sensitive to new physics around the TeV scale. Global fits to the unitarity triangle show an excellent agreement of b → d and s → d transitions with the predictions of the Cabibbo-Kobayashi-Maskawa (CKM) mechanism [1, 2] . Extensions of the Standard Model can contain sources of flavour-changing transitions beyond the CKM matrix. Models without these new sources are termed to respect minimal flavour violation (MFV) . Despite of the success of the MFV hypothesis in b → d and s → d transitions there is still sizable room for non-MFV contribution in b → s transitions. For instance, an extra contribution to b → sqq, q = u, d, s, decay amplitudes with a CP phase different from arg(V * ts V tb ) can alleviate the ∼ 2.6σ discrepancy between the measured mixing-induced CP asymmetries in these b → s penguin modes and the Standard Model prediction [3] . Models of supersymmetric grand unification can naturally accommodate new contributions to b → s transitions [4] : righthanded quarks reside in the same quintuplets of SU (5) as left-handed neutrinos, so that the large atmospheric neutrino mixing angle could well affect squark-gluino mediated b → s transitions [5] .
Clearly, B s − B s mixing plays a preeminent role in the search for new physics in b → s FCNC's. B s −B s oscillations are governed by a Schrödinger equation
with the mass matrix M s and the decay matrix ) (see e.g. [6] ). The mass and width differences between B L and B H are related to them as
up to numerically irrelevant corrections of order m 
a s fs is the CP asymmetry in flavour-specific B s → f decays, which means that the decays B s → f and B s → f (with f denoting the CP-conjugate final state) are forbidden [7] . The standard way to access a s fs uses B s → X s ℓ + ν ℓ decays, which justifies the name semileptonic CP asymmetry for a s fs . (See e.g. [6, 8] for more details on the phenomenology of B s −B s mixing.) It is important to note that new physics can significantly affect M 
where G F is the Fermi constant, the V ij 's are CKM elements, M Bs and M W are the masses of B s meson and W boson and the short-distance information is contained in η B S 0 (x t ): S 0 (x t ) is the Inami-Lim function, which depends on the top mass m t through x t = m 2 t /M 2 W , and η B is a numerical factor containing the leading and next-to-leading QCD corrections [9] . The calculation of M 12 involves the four-quark operator (α, β = 1, 2, 3 are colour indices):
All long-distance QCD effects are contained in the hadronic matrix element of Q and are parameterised by f , which is dominated by the CKM-favoured b → ccs tree-level contribution. In the first step of the calculation the W-boson is integrated out and the W-mediated |∆B| = 1 transitions are described by the usual effective |∆B| = 1 hamiltonian with the current-current operators Q 1 , Q 2 and the penguin operators Q 3−6 , Q 8 [16] . The leading contribution to Γ s 12 in this effective |∆B| = 1 theory is shown in Fig. 2 . In the second step one uses an operator product expansion (OPE), the Heavy Quark Expansion (HQE), to express Γ s 12 as an expansion in the two parameters Λ/m b and α s (m b ). Here α s is the QCD coupling constant and Λ is the appropriate hadronic scale, which quantifies the size of the hadronic matrix elements. The HQE links the diagrams of Fig. 2 to the matrix elements of local ∆B = 2 operators. In addition to the operator Q in Eq. (5) one also encounters
whose matrix element is parameterised by a bag parameter B S in analogy to Eq. (6). The leading contribution to Γ s 12 was obtained in [7, 17] . Today Γ s 12 is known to next-to-leading-order (NLO) in both Λ/m b [18] and α s (m b ) [19, 20] . The 1998 result [19] 
is pathological in several respects: first, the Λ/m b correction -0.063 is unnaturally large and amounts to around 40% of the total result. Second, the coefficient of B cancels almost completely, the result is therefore dominated by the term proportional to B S ∼ 0.9, so that the cancellation of hadronic quantities from the ratio ∆Γ s /∆M s is very imperfect. Third, both the Λ/m b and α s corrections, which diminish the coefficient of B S from 0.22 to 0.15, are negative, and these numerical cancellations between leading-order (LO) order result and corrections increase the relative uncertainty of the prediction for ∆Γ s /Γ s . In the following section we argue that these pathologies are caused by a poor choice of the operator basis used in [18] [19] [20] and propose a different basis. We also improve the prediction of ∆Γ s /∆M s and ∆Γ s /Γ s in several other aspects, by summing logarithms of the charm mass to all orders in α s , by using different renormalisation schemes for the b-quark mass, by including CKM-suppressed contributions and by modifying the normalisation related to the factor 1/Γ s in Eq. (9) . In Sect. 3 
with the CKM factors λ i = V * is V ib for i = u, c, t. In Eq. (11) we have eliminated λ c in favour of λ t using λ u + λ c + λ t = 0 to prepare for the study of Γ For ab = cc, uc, uu we write [19, 21] 
The coefficients G ab and G ab S are further decomposed as
Here F ab and F ab S are the contributions from the current-current operators Q 1,2 while the small coefficients P ab and P ab S stem from the penguin operators Q 3−6 and Q 8 . (Note that in [19] , where only the dominant Γ 
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We parameterise the matrix element of Q S as
Formulae for physical quantities are more compact when expressed in terms of B ′ S rather than the conventionally used bag parameter B S . The two parameters are related as
In the vacuum insertion approximation (VIA) the bag factors B and B S are equal to one. Throughout this paper we use the MS scheme as defined in [19, 21] comprises effects suppressed by Λ/m b . We will discuss it later, after transforming to our new operator basis.
New operator basis
When calculating Γ 12 to leading order in Λ/m b , one first encounters a third operator Q S in addition to Q and Q S defined in Eqs. (5) and (8):
However, a certain linear combination of Q, Q S and Q S is a 1/m b -suppressed operator [18] . This 1/m b -suppressed operator reads
where α 1,2 contain NLO corrections, which are specific to the MS scheme used by us [19] :
Here C f = 4/3 is a colour factor and µ 2 is the scale at which the operators in Eq. (17) are defined. The coefficients G and G S in Eq. (12) depend on µ 2 and this dependence cancels with the µ 2 -dependence of B s |Q(µ 2 )|B s and B s |Q S (µ 2 )|B s . In lattice computations the µ 2 -dependence enters in the lattice-continuum matching of these matrix elements. In our numerics we will always quote the results for µ 2 = m b . In [18] [19] [20] Eq. (17) has been used to eliminate Q S in favour of R 0 leading to the result in Eq. (9) . The matrix element of Q S reads
In analogy to Eq. (15) we define 
The new 1/m b -corrections are related to Γ ab 12,1/m b appearing in Eq. (12) as
Here we have taken into account that the result of [19, 20] (21), temper the large NLO corrections of the old result. These three effects combine to reduce the hadronic uncertainty in ∆Γ s /∆M s substantially. In other words: the uncertainty quoted in [19, 20] is not intrinsic to ∆Γ s /∆M s but an artifact of a poorly chosen operator basis.
A closer look at 1/m b corrections
At order 1/m b one encounters the operators R 0 of Eq. (17),
and the operators R i which are obtained from the R i 's by interchanging the colour indices α and β of the two s fields [18] . At order 1/m b only five of these operators are independent because of
the coefficients g ab j and g ab j read [18, 21, 23] : [19] [20] [21] in the coefficient of Q S but is dropped once Q S is traded for R 0 , because all α s /m b (23), there is no reason to include these corrections into our numerical code.
We parameterise the matrix elements R i ≡ B s |R i |B s 's as
As usual the bag parameters B R 0 , . . . , B R 3 parameterise the deviation of the matrix elements from their VIA results derived in [18] . The numerical values of the R i 's depend sensitively on the choice of the mass parameter m become a determination, once the lattice-continuum matching of R 0 is done at NLO):
With the central values for B, B S and B S given in [22] (24). This is a change compared to the analysis in [21] .
Summing terms of order
The coefficients G ab and G ab S in Eq. (5) depend on quark masses through z defined in Eq. (27) . At order α n s the dominant z-dependent terms are of the form α n s z ln n z. In [25] and [21] it has been shown that these terms are summed to all orders n = 1, 2, . . ., if one switches to a renormalisation scheme which uses
Since z is roughly half as big as z, this also reduces the dependence of the coefficients on the charm mass. We illustrate the effect for Γ cc 12 with a numerical example: In the two renormalisation schemes one finds
The numerical input is taken from Eqs. (32) (33) (34) (35) (36) (37) (38) and Eq. (39) below. From Eq. (31) one verifies that the use of z eliminates the z ln z term. This issue is particularly relevant for a s fs and a d fs , which are of order z. The final numbers for all quantities quoted below involve z. We only revert to a scheme using z to compare with the previously published results in [19, 20] .
Numerical predictions

Input
For the numerical analysis we use the following set of input parameters: The quark masses are [26] 
We will need the meson masses [27]
The average width Γ s of the B s mass eigenstates is computed from the well-measured B d lifetime,
01). Our input of the CKM elements is [2]
|V us | = 0.2248 ± 0.0016 ,
For all predictions within the standard model we assume unitarity of the CKM matrix and we determine all CKM elements from the four parameters |V us |, |V cb |, |V ub /V cb | and γ. The W mass [27] and the strong coupling constant are [28] 
We note that in the B s system CKM parameters other than |V cb | (which basically determines |V ts |) play a minor role. The same is true for the strange quark mass in Eq. (34) .
The dominant theoretical uncertainties, however, stem from the non-perturbative parameters discussed below and from the dependence on the unphysical renormalisation scale µ 1 . We use the central values µ 1 = µ 2 = m b and we vary µ 1 between m b /2 and 2m b . The dependence on µ 2 is related to the determination of the hadronic quantities and uncertainties associated with µ 2 are contained in the quoted ranges for these quantities. The situation of the non-perturbative parameters -the decay constant and the bag parametersis not yet settled. Different non-perturbative methods result in quite different numerical results. QCD sum rule estimates were obtained for the decay constant f Bs [29] , for the bag parameter B [30, 31] and for B S [31] . The same quantities have been determined in quenched approximation in numerous lattice simulations, see [32] for a review. The only determination ofB S was done in a quenched lattice simulation in [22] . Unquenched (n f = 2) values are available for f Bs [33, 34] , for B [34, 35] and for B S [35, 36] . For the decay constant f Bs even a lattice simulation with 2+1 dynamical fermions is available [37] . and O(260 ± 29 MeV) for n f = 2 + 1, see e.g. [32] . This discrepancy has to be resolved, since ∆M and ∆Γ s depend quadratically on the decay constant! Recently the combinations f 2 Bs B, f 2 Bs B S and f 2 BsB S were determined for 2+1 light flavors [24] . The authors of [24] claim that the combined determination results in a considerable reduction of the theoretical error. We will use in our numerics two sets of non-perturbative parameters: Set I consists of a conservative estimate for f Bs combined with the unquenched determination for B [34] and B S [36] and the only published lattice determination ofB S [22] :
Set II consists of the preliminary determination with 2+1 flavors [24] :
The central values of both sets are quite similar, while the errors of set II are smaller by almost a factor 3. For both sets the bag parameters of the 1/m b -corrections are estimated within vacuum insertion approximation and we use the following conservative error estimate
In our computer programs we carefully extract all terms of order α 2 s and α s /m b , which belong to yet uncalculated orders of the perturbation series, and discard them consistently.
∆M s within the SM
In the standard model expression (Eq.(2) & Eq. (4)) for the mass difference in the B s -system a product of perturbative corrections (η B S 0 ) and non-perturbative corrections (f 2 Bs B) arises. Using the above input the perturbative corrections are given by [9] 
Our final values for the standard model prediction
are bigger than the experimental result, but consistent within the errors. Using f Bs = 230 MeV and the bag parameter from set I, one exactly reproduces the experimental value of ∆M s . The overall error is made up from the following components:
When combining different errors we first symmetrised the individual errors and added them quadratically afterwards. The by far dominant contribution to the error comes from the nonperturbative parameter f 2 Bs B. Clearly, in view of the precise measurement in Eq. (7) it is highly desirable to understand the hadronic QCD effects with a much higher precision than today. The main result of this paper is a new, more precise determination of Γ 12 , which is then used to determine ∆Γ s , ∆Γ s /∆M s and a s fs . In order to illustrate our progress, we first present the results in the old operator basis used in [19, 20] . Using the scheme involving m pole b and z as in [19, 20] , but updating the input parameters to our values in Eqs. (32) (33) (34) (35) (36) (37) (38) , we find
fs,old = 10.8 + 1.9
3 Numerical predictions
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For simplicity we do not show the uncertainties of the numerical coefficients appearing in the square brackets here and in following similar occasions. We assess these uncertainties, however, when quoting final results. Several comments are in order: in the old basis the coefficient of B in the prediction of ∆Γ s is negligible due to a cancellation among ∆B = 1 Wilson coefficients, thus the term with B ′ S dominates the overall result. This leads to the undesirable fact that the only coefficient in ∆Γ s /∆M s that is free from non-perturbative uncertainties is numerically negligible. Moreover in ∆Γ s all 1/m b -corrections have the same size and add up to an unexpectedly large correction (30% of the LO value, 45% of the NLO value). In Eq. (46) we have singled out the bag factors of the two most important sub-dominant operatorsR 2 and R 0 , while the bag parameters of the remaining operators are chosen equal and are denoted by B R . Finally in the old operator basis the calculated NLO QCD corrections are large and reduce the final number by about 35% of the LO value. a s fs does not suffer from this shortcomings. Here the coefficient without non-perturbative uncertainties is numerically dominant and the size of the 1/m b corrections seems to be reasonable. Moreover in this case R 3 andR 3 are the dominant subleading operators. Since the overall contribution of the 1/m b -corrections is relatively small, we choose all bag factors of power suppressed operators equal to B R . Using the non-perturbative parameters from set I we obtain the following number for ∆Γ s :
This number is in agreement with previous estimates [19, [38] [39] [40] where different input parameters -in particular different values for the decay constant and the bag parameters -were used. In the following This prediction assumes that no new physics effects contribute to the mass difference. This is numerically equivalent to the use of f Bs = 230 MeV in our approach (see the passage below Eq. (45)). With that input we obtain from our analysis ∆Γ s /Γ s = 0.10 ± 0.06 which is in perfect agreement with the latest update of the Rome group from this year [41] . Thus we see no discrepancy anymore between our predictions and those of the Rome group.
However, our predictions have been criticised recently in [12] . The authors of [12] obtain a much lower central value -∆Γ s /Γ s = 0.067 ± 0.027 -and claim that this difference stems from their use of lattice values for the 1/m b -operators, while in our approach the vacuum insertion approximation was used. Lattice values for the 1/m b corrections can be extracted from [22] for the operators R 0 , R 1 andR 1 , but their use does not resolve the numerical discrepancy. With the help of one author of [12] we have traced the difference back to the omission of the radiative corrections contained in α 1 and α 2 , when Eq. (29) is used to extract R 0 from lattice data on Q , Q S and Q S . This is numerically equivalent to shifting B R 0 from 1.1 to 1.7. If we use this number and f Bs = 230 MeV we obtain ∆Γ s /Γ s = 0.079, which is closer to but still larger by 18% than the value obtained in [12] . 
Now we are in the desired situation that ∆Γ s is dominated by B and the lion's share of ∆Γ s /∆M s can be determined without any hadronic uncertainty! Moreover the size of the 1/m b -corrections has become smaller, because the magnitude of the contribution from R 0 is reduced by a factor of 3 (as anticipated from Eqs. (25) and (26)) and the sign of this contribution has changed. We are left with a 1/m b correction of 22% of the LO value or 28% of the NLO-value. Using Using the non-perturbative parameters from set I we obtain the following number for ∆Γ s :
The central value in the new basis is larger than the old one, while the theoretical errors have shrunk considerably. The numerical difference stems from uncalculated corrections of order α s /m b and α (52)
Using the parameter set I, we obtain the following final numbers (56)
The first striking feature of these numbers is the large increase for the prediction of ∆Γ s from 0.070 ps −1 to 0.096 ps −1 (about 37 %). The change of the basis is responsible for an increase of about 16 %. We have shown that the previously used basis suffers from several serious drawbacks -most importantly in the old basis strong cancellations, which are absent in the new basis, occur. Next we have reduced an additional uncertainty by summing up logarithms of the form z ln z to all orders. This theoretical improvement results in another increase of about 11%. The averaging over the pole and MS schemes results in an increase of about 7% compared to the exclusive use of the pole-scheme. Finally we also include subleading CKM-structures (as done in [20, 21] as well) giving an increase of ∆Γ s by about 3% compared to setting V ub to zero. In the case of the flavour-specific CP-asymmetry the choice of the new basis has no dramatic effect. If one assumes that there is no new physics in the measured value of ∆M s one can avoid the large uncertainty due to f Bs by writing:
This smaller value is numerically equivalent to using f Bs = 230 MeV in Eq. (51). For completeness we also present the numbers with the parameter set II: 
The above errors in ∆Γ s and ∆M s have to be taken with some care, since we were not using our conservative error estimate but the preliminary values from [24] .
In the following 
The same result is visualised in figure 3 . In the case of ∆Γ s the by far largest uncertainty stems from the error on f Bs . Here a considerable improvement from the non-perturbative side is mandatory. The dependence on the decay constant is of course not affected by the change of the operator basis. The second most important uncertainty comes from the 1/m b -operatorR 2 . This operator has up to now only been estimated in the naive vacuum insertion approximation. Any non-perturbative investigation would be very helpful. Number three in the error hit list is the unphysical µ 1 -dependence. Using the old operator basis the corresponding error was huge, it was drastically reduced by changing to the new basis and by including also the MS-scheme for the b-quark mass. Any further improvement requires a cumbersome NNLO calculation, which might be worthwhile if progress on the non-perturbative side for f Bs andR 2 is achieved. Number four is again a non-perturbative parameter -now the bag parameter of the operator Q. In the old operator basis the corresponding uncertainty stemmed from B S and was larger by a factor of 2.5. The dependence on V cb results in a relative error of about 5% for both the old basis and the new basis. All remaining uncertainties are at most 3%. Using our conservative estimates and adding all errors quadratically (after symmetrising them) we arrive at a reduction of the overall theoretical error due to the introduction of the new basis from ±61% to ±41%, where the last number is completely dominated by the decay constant. If one neglects the dependence on f Bs the overall theoretical error goes down from ±51% to ±23%.
In the table in Eq. (63) 
In the case of ∆Γ s /∆M s the use of the new operator basis leads to a reduction of the total error from 48% to 19%! The dominant error is now due to the bag parameter BR 2 , followed by the µ 1 -dependence. The remaining uncertainties are at most 3%. In the case of a s fs the situation is quite different. Here the dominant uncertainty stems from V ub , followed by the dependences on µ 1 , γ and z. Moreover the 1/m b -corrections play a minor role here -as can be read off from the error due to the variation of m 
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Theoretical update of B s −B s mixing Figure 4 : Uncertainty budget for ∆Γ s /∆M s . See Fig. 3 for explanations. The ratio ∆Γ s /∆M s does not depend on f Bs and the progress due to the new operator basis is more substantial than in ∆Γ s .
The coefficients 
Clearly the terms involving λ Inserting Eqs. (67) and (68) into Eqs. (64) and (65) yields
−12.7 + 10.3
Next we insert the numerical values for β and R t from [2] . Since we are interested in testing the hypothesis of new physics in B s −B s mixing, we take values for β and R t obtained prior to the measurement of ∆M s . With β = 23
• ± 2 • and R t = 0.86 ± 0.11, which correspond to a CL of 2σ, one finds
Thus these predictions allow for new physics in ∆M s , but assume that all other quantities entering the standard fit of the unitarity triangle in [2] are as in the Standard Model. Using ∆M 
The result in Eq. (72) is consistent with our prediction in [21] , but the central value is substantially higher. This is not solely caused by our new operator basis, but also by the use of a different renormalisation scheme. In both [21] and this work we average over two schemes, but in one 
The relationship to the parameters used in [2, 14] is
We find it more transparent to plot Im ∆ s vs. Re ∆ s than to plot 2θ s vs. r 
∆Γ
∆M s = ∆M SM s |∆ s | = (19.30 ± 6.74) ps −1 · |∆ s | (75) ∆Γ s = 2|Γ s 12 | cos φ SM s + φ ∆ s = (0.096 ± 0.039) ps −1 · cos φ SM s + φ ∆ s (76) ∆Γ s ∆M s = |Γ s 12 | |M SM,s 12 | · cos φ SM s + φ ∆ s |∆ s | = (4.97 ± 0.94) · 10 −3 · cos φ SM s + φ ∆ s |∆ s | (77) a s fs = |Γ s 12 | |M SM,s 12 | · sin φ SM s + φ ∆ s |∆ s | = (4.97 ± 0.94) · 10 −3 · sin φ SM s + φ ∆ s |∆ s |(
Basic observables
In this section we summarise the observables which constrain |∆ s | and φ ∆ s . These constraints are illustrated in Fig. 6 for hypothetical measurements.
1.
The mass difference ∆M s determines |∆ s | through Eq. (75). The accuracy of |∆ s | extracted from ∆M s is limited by the precision of a lattice computation. This is not the case for the other quantities discussed in this section.
Alternatively one can confront the experimental ratio ∆M d /∆M s with theory. This has the advantage that the ratio of the hadronic matrix elements involved can be predicted with a smaller error, of order 5%. However, then the parameter of R t of the unitarity triangle entering ∆M d must be taken from measurements which are insensitive to new physics (or at least insensitive to new physics in B s −B s mixing), e.g. through determinations of the CKM angle γ from treelevel B decays (cf. the discussion after Eq. 
and the (time-independent) overall normalisation is related to the branching fraction [44] . Here
That is, −β s is the analogue of the angle β of the unitarity triangle, which governs the mixinginduced CP asymmetry in B d → J/ψK S , in the B s system. For β s different sign conventions are used in the literature, we chose the one of [6] which satisfies β s > 0.
For example within the Standard Model (and neglecting the tiny β s ) the lifetime measured in 
For a CP-odd final state one has to interchange Γ L and Γ H in Eqs. (80) and (82) ) only equals ∆Γ CP in the poorly tested simultaneous limit of an infinitely heavy charm quark with small-velocity [47] and an infinite number of colours [48] . In order to test this limit one needs to measure the CP-odd and CP-even fractions of all b → ccs decays [44] . Until this has been done nothing can be inferred from Br( 
will have two advantages: one can use the oscillatory behaviour to control fake effects from experimental detection asymmetries (which are constant in time) and to separate the 
One finds φ
with the same two-fold ambiguity as from a s fs in item 5. Combining Eqs. (75) and (78) [12, 13] . In fact such correlations can be found between any three of the observables discussed above, because the B s −B s mixing only involves the two parameters |∆ s | and φ s .
An important remark here concerns the decay B s → K + K − , as one might be tempted to use the lifetime measured in 
Moreover we assume the following theoretical and experimental uncertainties: ∆M s : ±15%, ∆φ s : ±20%, ∆Γ s /∆M s : ±15%, a s fs : ±20%. The regions in the ∆ s -plane bounded for these hypothetical measurements are shown in figure 6 .
The constraints from CP-conserving quantities are symmetric to the Im(∆ s )-axis, The bound from ∆M s simply gives a circle with the origin (0,0) and the radius |∆ s |. In the measurement of ∆Γ s we have assumed that the data are fitted to the correct formula Eq. (80) and |∆Γ s | and | cos(φ s − 2β s )| have been determined as discussed above in item 2. In practice the extracted |∆Γ s | and | cos(φ If one plots the bounds from |∆Γ s | (or |∆Γ s cos(φ ∆ s −2β s )|) alone, one finds four rays starting from the origin. The experimental information in this is redundant, as it is fully contained in the constraints from ∆M s and |∆Γ s |/∆M s . For the theory uncertainties, however, this is not true: if (as current data do) ∆M s prefers a small value of f Bs , while ∆Γ s prefers a large f Bs , the combined constraint from ∆M s and |∆Γ s | will exclude a region of the ∆ s plane which is allowed by the ratio |∆Γ s |/∆M s , from which f Bs drops out.
The measurement of a s fs yields a circle touching the x-axis in the origin, in particular it reduces the four-fold ambiguity in the extracted value of ∆ s to a two-fold one. The extraction of φ 
Current experimental constraints on ∆ s
In this section we turn to the real world and discuss the current experimental constraints on the complex ∆ s -plane. In view of the experimental errors we set β s to zero and identify φ s with φ ∆ s . The mass difference ∆M s is now known very precisely [10] , see Eq. (7). For the remaining mixing parameters in the B s -system only weak experimental constraints are available. The only
28
Theoretical update of B s −B s mixing available experimental analysis of |∆Γ s | with the correct implementation of the phase φ s is from the DØ collaboration, their analysis in [49] was recently updated in [50] using 1fb −1 of data. Setting the value of the mixing phase φ s to zero (Standard Model scenario) they obtain [50] ∆Γ s = 0.12 ± 0.08 (stat)
Allowing for a non-zero value of the mixing phase φ s they get 
Moreover the semileptonic CP asymmetry can be extracted from the same sign dimuon asymmetry that was measured in [52] as
in a data sample containing both B d and B s mesons. While the composition of the sample is known, no determination of the initial state on an event-by-event basis was possible. Updating the numbers in [14, 53] one sees that the measurement in Eq. (93) determines the combination
In [14, 53] the experimental bound for a Combining this number with the one from the direct determination [51] in Eq. (92) we get our final experimental number for the semileptonic CP asymmetry:
Adding statistical and systematic error in quadrature gives
In Fig. (7) we display all bounds in the complex ∆ s -plane including all experimental and theoretical uncertainties. 
In Eq. (101) we have profited from our improved theory prediction in Eq. (78). For |∆ s | = 1 the two numbers combine to sin φ s = −0.77 ± 0.02 (th) ± 0.36 (exp) .
Relaxing |∆ s | to its minimal value allowed by Eq. (98), |∆ s | = 0.59, changes this result to sin φ s = −0.76 ± 0.03 (th) ± 0.34 (exp) . However, ∆Γ s is consistent with cos φ s = 0 at the 1.8σ level and clearly has no impact on the small φ s region, which is the relevant region to assess the significance of Eq. (102) in the search for new physics. In conclusion we find that the data are best fit for φ s around −0.88 corresponding to sin φ s = −0.77, if |∆ s | = 1. The constraint from |∆Γ s | is less compelling, but slightly prefers |∆ s | < 0 and disfavours too large values of | sin φ s |. The discrepancy between data and the Standard Model is around 2σ, which is not statistically significant yet. If our results are used to constrain models of new physics one should bear in mind that we have only discussed the solution in the fourth quadrant of the complex ∆ s plane here. With the new operator basis presented in this paper it will be possible to determine ∆ s solely from measurements which involve hadronic quantities only in numerically sub-dominant terms. To this end any experimental progress on |∆Γ s |, a s fs , the angular distributions of both untagged and tagged B s → J/ψφ decays (with the tagged analysis giving access to A mix CP (B s → (J/ψφ) CP ± )) and possibly of other b → ccs decays of the B s meson is highly desirable. Regardless of whether sin φ s turns out to be zero or not it is important to measure the sign of ∆Γ s . Methods for this are discussed in [44] . Probably the most promising way to determine sign ∆Γ s = sign cos(φ s ) is the study of B s → J/ψK + K − with a scan of the invariant mass of the (K + , K − ) pair around the φ peak to determine sign cos δ 1,2 .
Clearly the analysis of the precise measurement of ∆M s needs a better determination of f 2 Bs B. Since any new physics discovery from a quantity involving lattice QCD will be met with scepticism by the scientific community, the lattice collaborations might want to consider to switch to blind analyses in the future. The predictions of both ∆Γ s /∆M s and a s fs involve the ratiõ B ′ S /B in a numerically sub-dominant term. It may be worthwhile to address this ratio directly in lattice computations, because some systematic effects could drop out from the ratio of the two matrix elements.
The quantities discussed in this paper will also profit from higher-order calculations of the short-distance QCD parts. In particular corrections of order α s /m b should be computed to permit a meaningful use of 1/m b bag factors computed with lattice QCD or QCD sum rules. A further reduction of the dependence on the renormalisation scale µ 1 requires the cumbersome calculation of O(α 
Summary
In this letter we have improved the theoretical accuracy of the mixing quantity Γ to all orders n = 1, 2, . . . and by introducing a new operator basis, which trades the traditionally used operator Q S of Eq. (8) for Q S defined in Eq. (16) . In the new operator basis the coefficient of the 1/m b -operator R 0 is colour-suppressed. We have found that all previously noted pathologies in the sizes of the 1/m b and α s corrections were artifacts of the old operator basis. Still, one could achieve the same accuracy with the use of the old basis, if one i) used the coefficients with resummed ln z terms, ii) added the term of order N c α s /m b which drops from the NLO results of [19] [20] [21] when Q S is eliminated for R 0 and iii) fully takes the numerical correlation between B and B S into account.
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Theoretical update of B s −B s mixing This numerical correlation stems from the smallness of the matrix element Q S . It is most easily implemented by expressing either B or B S in terms of B S , which is essentially equivalent to our approach.
Our improvements are most relevant for Re Γ q 12 /M q 12 , which enters both ∆Γ q /∆M q and new physics scenarios of a s fs . In particular, hadronic quantities now appear in these quantities in numerically sub-dominant terms only. We have then discussed how experimental information on |∆Γ s |, a Armed with our more precise formulae we have analysed the combined impact of the DØ analyses of the dimuon asymmetry and of the angular distribution in the decay ( ) B s → J/ψφ. Here we have assumed that φ d is free of new physics contributions. This is plausible in view of the constraints on φ d from global fits to the unitarity triangle [2] . Scanning conservatively over theory uncertainties, we find that φ s deviates from its Standard Model value by 2 standard deviations.
